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THE GEOMETRY OF CONICAL PIPES, 
BENDS AND JOINTS. 


By W. SELLArR. 


Casr iron pipes, bends and joints of reasonable design can be 
made to any desired shape; the skill of the patternmaker is the 
deciding factor. 

For pipe bends made of steel plate, the shapes can be produced 
by hammering or pressing the flat plates into or around former 
blocks. These blocks are made specially for the purpose and their 
costs are necessarily charged against the finished article, but unless 
fair quantities are to be made the costs of production are prohibitive. 
Consequently, for the production of one or two articles not likely 
to be repeated in quantities, a special design requiring the smallest 
number of special tools will have to be evolved. 

In the following notes it is endeavoured, without the use of 
mathematics beyond elementary geometry, to enlarge on a simple 
principle which can cover practically the whole subject of fabricated 
pipe bends and joints, whether welded or riveted. 

The technique of fabricated steel work is carried out under 
one or other of the arc welding systems, but if riveted work is 
preferred for some reason, the subject-matter of the present work 
will still apply, but the usual margin for laps must be added to the 
exact shapes. 

The constructions hereinafter described can be used as bases 
for more elaborate or more “finished" work. They can be used 
also as skeletons on which a solid pattern can be built to take a 
plastic wood filling or to be trimmed down to give the requisite 
finished article. 

In this edition the text has been revised and a few notes and 
diagrams have been added on the subject of joining cones to cones. 
* * * * 
circular bore pipe is a circle. 
t a circle, but the smallest 
Il always be equal to the 


The normal section of a cylinder or 
A section not normal to the axis is not 
cross dimension of the section surface will J J 
diameter of the cylinder, and the longest dimension will range from 
the diameter of the cylinder to infinity. In short, the true form of 
the oblique section of a cylinder is an ellipse. (See Vig. 1). These 
facts will be combined and re-stated. Any number of ellipses can 
be obtained by taking an oblique section through a cylinder, but 
the minor axis of every one of them will be equal to the diameter of 
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the cylinder, and the major axis will depend only on the length of 
the section. 

An ellipse is symmetrical only about the major and the minor 
axes. Other diameters will give similar halves of the ellipse, but 
such halves are to the same hand but upside-down—they are not 
mirror images. 


Fig. 1. 


If two straight pipes of the same diameter are cut obliquely at 
the same angle, the sections give equal ellipses. These pipes can 
be joined through their sections in two ways (Fig. 2), one to give a 
continuous straight pipe (shown dotted), and the other, by relative 
reversal, to give a knee or elbow. 


Fig. 2. 
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Figs. 3 and 4 each show two pipes which have to be joined, but 

it will be observed that the pipes are of different diameters. It 

will be inferred from what has already been shown, that oblique 

sections of each pipe can be made to give ellipses having the same 

major axis, but the minor axes will obviously be different owing 

to the unequal diameters of the pipes. A design for ensuring a 

theoretically correct joint can be devised for a joint of this type 
and will be dealt with later. 


Fig. 3. 


Fig. 4. 


If a straight pipe is cut up uniformly in sections as shown in 
Fig. 5, and eae ntled astnetebn the result will be the por 
bend indicated in Fig. 6. In this illustrated instance “+ , ae 
turns through an angle of 90° and the angle a must Lee ae 
thus be 15°. The angle of a bend may be any angle, and a aie 
a matter of choosing the angle a judiciously to be assured 0 
desired result. 45 
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Fig. 6. 
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It must be pointed out that a uniform “‘radius”’ of bend is possible 
only if the sections are spaced uniformly, and Fig. 7 should be 
studied for comparison. This illustration shows a somewhat 
patched-up article, although the joints are theoretically correct. 

Sometimes a bend with a long segment in it is necessary, as, 
for example, in the case where a branch must be provided for 
without breaking the segment joints. Here the positions of the 
joints will have to be arranged through the call of commonsense. 


x be: 


; 


F Sed 


Fig. 7. 


rf sais , outer 
In some instances it is necessary to remove the sharp 


elbow of Fig. 2. This has been done in Fig. 8. The oe. 
indicates that if the angle between the two pipes (ier babe fe 
equal) is 8, then the angle of the inserted piece (a) pe ze Aang 
90°-/2. Alternatively the insert can be obtained by d pees 
The circles shown are drawn with their centres on Les se ah 
equidistant from the intersection of the axes, and paral etc se 
tangents are drawn to these circles as shown. Tine 1 = id fie 
intersections of the corresponding lines of course pass Thro eae d 
centres of the respective circles. The angle a is ae co) 

by drawing parallels to these lines, as shown also in Fig. 8. 
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The corner above referred to can be cut off in many ways—a 
special case is shown in Fig. 9. In this instance the auxiliary circles 
of the previous figure merge into one. If the auxiliary circles 
spread so far apart (as in their preliminary or constructional position, 
Fig. 8), then the bend follows the form indicated by the broken 
lines, a form already discussed (Fig. 7). ; 

Whatever the case may be, the angle a is always 90° — 6/2, being 
the inclination to each other of the oblique sections whereon the 
auxiliary circles have their circles. 

So far the joints considered have been associated only with 
cylinder sections, but these have a direct bearing on what follows. 


* * * * 


When two pipes of different diameters lie on the same centre 
line it is obvious that the joint piece will be a disc, a spherical 
surface with a hole in the centre, or a frustum of a cone. As the 
two former cases would not in ordinary circumstances be used as 
a pipe joint, consideration will be given to the last. The cone will 
have its axis on the centre line of both pipes, and the joints with the 
two pipes will be circles, the normal sections of the cone. This is 
shown in Fig. 10. 


= 


—S 


a 


Fig. 10. 


This device suggests a method of solving the problem indicated 
by Fig. 3. ie Seca ’ 

Let the end view be drawn (Fig. 11). This gives a small circle 
whose centpp. is on the axis of the large cylinder. If any normal 
section AB now be taken on the large cylinder clear of the oe 


circle, as shown, and two tangents be drawn from the,points 


B to this circle, the tangents will meet at a point @ ®n the — 
line of the large cylinder. This pon gai a cone, as a SO. 
figure closing the end of the large cylinder. a 
: The small circle represents the small pipe, and so far ee this 
view is concerned the small pipe cuts away the top part of the cone 
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from the lower part altogether. It is known that an oblique plane 
section of a cone not parallel to a tangent plane and that does 
not also cut the inverse counterpart cone (see Fig. 17) is an ellipse. 
It is also a geometric truth that an ellipse can be viewed some- 
where in a plane normal to the minor axis so as to give a 
circle having a diameter equal to the minor axis. This fact will be 
expressed in another form. View any ellipse so that the minor 
axis is at right angles to the line of vision. Turn the ellipse slowly 
about its minor axis. The form will change from that of a straight 
line to the true ellipse, increasing in “width” during the movement, 
and becoming at one definite intermediate position a circle where 
the “width” is equal to the minor axis of the rotating ellipse. This 
phenomenon has thus been very carefully emphasised. 

Hence, if such a view (a circle) is seen in the right-hand view 
of Fig. 11 (see also Fig. 1), and the oblique section of the cone is 
terminated by the sides of the small cylinder, that particular conic 
section will coincide with the oblique section of the small cylinder, 
both being ellipses with the same major and minor axes. This 
reasoning might be unorthodox, but, nevertheless, mathematics 
being excluded from this work, it should be sufficiently convincing 
to permit the next step in the subject. 


* * * * 


—B 


Fig. 11. 


Fig. 12 shows a pictorial representation of a right cone, that is 
to say, a cone whose axis AT is perpendicular to the plane of the 
base. The orthographic projection of this cone would be an 
isosceles triangle indicated in perspective as ABC. The cone is 
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cut obliquely by a plane at right angles to the plane of ABC so as 
to cut both the equal sides of the triangle ABC. To do this the 
angle of the section plane with the vertical axis AT must never be 
less than half the angle BAC. The true form of the section thus 
formed is an ellipse LNM. 

Let, now, this cone be cut by two planes parallel to section 
ABC and equidistant from it so that this ellipse is just touched at 
the ends of its minor axis. One of these vertical sections is shown 
shaded in Fig. 12: these sections are hyperbolas, and they form 
the sides of a new solid which is in reality the middle portion of 


the cone ABC. 


Fig. 12. 
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If this solid now is cut by amy plane at right angles to section 
ABC and touching both hyperbolas, the resulting section is an 
ellipse. Any number of ellipses can be formed under these conditions, 
each one having a different major axis, but the same minor axis, 
namely, the distance between the two parallel hyperbolas. 

It is clear that there are viewpoints in the plane of ABC produced 
where all the ellipses referred to in the previous paragraph can 
appear as circles, each ellipse having its own angle of view in relation 
toaxis AT. And, if the lines of vision in the plane of ABC through 
the centres of the circles are continued until they cut the vertical 
axis AT, it will be found that all the points so found will be coincident 
at F. This common point F is the focus of the hyperbola projected 
on to the plane ABC. 

All the special views of all the ellipses under consideration 
appearing as circles of the same diameter with their centres at the 
focus of the associated hyperbola projected on AT will have their 
viewpoints anywhere in the plane of ABC produced. Hence the 
circles'may be said to revolve with their planes normal to the plane 
of ABC about a diameter passing through the foci F of the two 
hyperbola walls, and in so doing sweep out a solid of revolution which 
is a sphere. And if this sphere is projected on to the plane of ABC 
the view is a circle. This figure leads on to Fig. 18, which contains 
the essence of the subject of this work. 

It is not intended to set forth any analytical proof for the 
relationships shown in this figure, but a short description of the 
geometrical facts will display the reasons for the constructions 
that will follow. ° 


Ba co * % 


The essential points relevant to the subject and shown in Fig. 13 

are noted as follows :— 

(2) ABC is a plane projection of any right cone, the vertical 
axis being AT. : 

(0) Circle GZH touches the sides AB and AC, its centre F being 
on axis AT. 

(c) AE is cut off from AC equal to AF. 

(d) A section through E normal to axis AT cuts this line at D. 
This normal (plan) section of the cone is a circle, and 
its radius DE is equal to the radius of circle GZH = FZ. 

(e) Any two lines UW and RM, inclined at angle a with AT 
are drawn as tangents at opposite sides of circle GZH 
to cut AB and AC at L, and L and also M and M, 
respectively. KF is parallel to these lines. 

(f) Let L and M and also L, and M, be joined. These lines 
are the major axes of ellipses. 
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(g) KF cuts lines LM and L,M, at their mid points N and N, 
respectively. (Nofe-——In an oblique section of the 
cone, N and N, never fall on axis AT). 


(i) A normal section through N gives a circle indicated as a 
semi-circle of radius OP. 


(k) The semi-chord of this circle drawn through N at right 
angles to radius OP produced through O is NX (its 
counterpart is N,X,). 

(i) NX and N,X, are equal to FG, which is the radius of the 
circle which determines the position of the hyperbola 
parallel to plane ABC (Fig. 12). 

(m) Hence FG is the semi-minor axis of the ellipse whose major 
axis is LM and also of the ellipse whose major axis is 
L,M,. 

(n) LM giving an ellipse as a section with major axis LM and 
minor axis GH (i.e., 2 FG) it may be concluded that 
since L and M are points in two parallel straight lines 
UW and RM,, these two parallel lines represent a 
cylinder. 

(0) Hence, a cylinder, represented by two parallel staright 
lines touching a circle (or a sphere) hereinafter called 
the ‘‘auxiliary circle’ which touches the two lines 
representing the sides of a cone, will intersect the cone 
along a straight line which will section the cylinder 
and the cone with the same ellipse surface. 


(p) But ML and M,L, can be viewed along other directions 
besides along KF to make the ellipse appear as a circle 
of radius FG. These cylinders are shown as dotted 
and broken lines respectively. Bui their circles do not 
touch AB and AC, the sides of the cone. 

(g) The new centre lines of projection pass through N and N, 
making angtes 8 and y with the planes of the respective 
ellipses, as in the cases already referred to. 

(r) The explanation is that the parallel lines representing the 
new cylinders pass through a counterpart of point F, 
namely F,, which is found inside the vertically opposite 
angle of angle BAC. I, is the focus of another hyper- 
bola (shown in Fig. 17). 

(s) If the axis of the cylinder intersecting the cone passes 
through F, there are two common ellipses for the 
cylinder and the cone, but if the axis does not pass 
through F (and consequently jsf pass through F,) 
there is only one* common ellipse. Also, each elliptical 

* Thejvertically opposite cone is not considered with respect to the concrete 


cone discussed here. 
€ 
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section of a cone contains two cylinders, one whose 
axis passes through F and the other whose axis passes 
through F,. 


(4) Each of the four lines drawn from F to the intersections 
of the cylinder with the cone bisects the angles formed 
at these intersections, e.g., F and L joined bisects angle 
GLZ. 

(w) If the cylinder runs into the cone such that one of its 
sides passes through the vertex of the cone and con- 
tinues along the side AC of the cone (¢.e., the axis of 
the cylinder is parallel to a side of the cone), then the 
points G and Z will coincide and become L. 


(v) This common point will be the foot of the perpendicular 
from the point F to the side AC of the cone, and the 
line joining L to the other point M common to the cone 
and the cylinder will decide the ellipse section. 


(w) Y is the intersection of the sections ML and M,l,.  Z is 
the point of contact of circle GZH with AC. ZY pro- 
duced cuts cone axis AT at right angles and the other 
tangent point corresponding to Z. 


(x) Point Y always lies on the diameter GH of auxiliary circle 
GZH. 


(y) If a circle is inscribed in triangle ALM it touches ML at 
a focus of the ellipse of which ML is the major axis. 
The circle touching sides BM, ML and LC touches ML 
at the other focus. 


(z) If the angle BAC of the cone becomes so very small that 
in the limit BA and CA meet in infinity, the cone 
becomes a cylinder. It will be then found that much 
of the above references will still apply while others will 
automatically cancel out, merge or disappear. The 
cylinder is a special case of the cone. 


Ed ak a os 


The problem of joining two pipes of different diameters (see 
Fig. 4) can now be approached. The method given in Fig. 14 can 
be applied in this case. Let the larger pipe be cut across at right 
angles to its axis by the line BC. This normal section is a circle 
and is projected on the end view (left-hand side) as an ellipse. The 
end view of the smaller pipe is now shown, and tangents common 
to this circle and the ellipse are drawn. These tangents meet in 
a point on the centre line of the large pipe. This point is now 
projected on to the right-hand view as A, which is joined to B and 
C. Thus ABC is the interposed cone, serving the same function 
as the cone shown in Fig. 11. The small pipe will cut this cone in 
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points M and L and the intersection of this pipe with the cone will 
be the straight line ML, the true forms of section of both the cone 
and the cylinder being the same ellipse. Hence the large pipe 
joins the cone at BC as a perfect circle and the cone joins the smaller 
pipe as a perfect ellipse at ML and so the problem is solved. 


But this solution is cumbersome and roundabout in practice, 
and can be simplified as follows :—Let a circle of diameter d equal 
to that of the small pipe, be drawn with its centre F on the axis 
AT (Fig. 14) where this axis intersects the axis of the small pipe. 
It will be seen of this circle (1) that its centre F is the projection 
of the centre of the end view f of the small pipe; (2) that it will 
touch the two sides AB and AC of the cone ABC as well as the sides 
of the small pipe. 


The projection on the left-hand side is thus unnecessary, and 
all that is required is to draw a circle of diameter equal to that of 
the smaller pipe at the intersection of the axes of the pipes. The 
cone can be found by tangents and the section ML gives as the true 
view an ellipse. See Fig. 13, note (0). 


The above construction has been explained in terms of the 
interposed cone formed with its base on the normal section BC on 
the large pipe, but the construction applies also if the normal section 
BC is made on the small pipe. The auxiliary circle of diameter 
D (instead of d) and the sides of the cone AB and AC which are 
tangents to this circle are produced to cut the /arge pipe at L and M. 
The figure required for this explanation is not shown, but it can 
easily be constructed to these given conditions, Do it. 


Fig. 15 illustrates a special case: two solutions are shown 
superimposed, one based on the normal section of the larger pipe 
shown in full lines, and the other based on the normal section of 
the smaller pipe shown dotted. In this case the normal section 
of the small pipe passes through B where the top sides (?.e., lines) 
of the pipe intersect. The auxiliary circle (shown in full line) with 
centre F, has its diameter equal to that of the /arge pipe. A tangent 
from B to this circle cuts the axis of the small pipe in A. The 
tangent from A passes through C, the other end of the normal 
section, and cuts the lower side of the large pipe at L. _ BL will be 
the ellipse section common to both the cone ABC produced and 
the cylinder of the large pipe. 


If the normal section on the large pipe is preferred (7.e., BC,) 
the auxiliary circle (shown dotted) must be made to the small 
diameter and the vertex of the cone falls on the axis of the large 
pipe. The remaining construction follows the same method in 
both cases, but the results are different, as will be seen from the 
full lines and the dotted lines. 


ie 


Fig. 16. 
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A more general case is indicated in Fig. 16. Let I be the inter- 
section of the two pipe axes. If the auxiliary circles of both sizes 
are drawn to touch their respective cylinders or cylinders produced 
and common tangents drawn to meet in A, the cone so formed will 
intersect the cylinders at LM and /m, which will give the requisite 
common ellipses to enable the perfect joint to be made. This 
construction is of great importance. 

A very interesting problem is solved in Fig. 17. It will be 
observed that here BC is a section taken normal to the axis of the 
large pipe, that is to say its true view is a circle and the bottom 
side of the smaller pipe runs into point C. Find the common cone 
and its section with the small pipe. 


The auxiliary circle with centre F, the intersection of the two 
axes, must be made to the small diameter, for the large diameter 
circle would clearly fall outside the bottom side of the small pipe 
and so upset the condition. CL, the lower side of the small pipe, 
is tangent to the auxiliary circle and when produced cuts the axis 
of the large pipe at A. A is the vertex of the common cone, and 
AB, the other tangent completes the cone. Point M is thereby 
obtained. 

The point L at the other end of the section between the cone 
and the small pipe can be found as follows :—The other focus F, 
of the hyperbola can be found in FA produced, and if the auxiliary 
circe is described with F, as centre and a tangent drawn from M 
a parallel tangent will cut the cone at L. See Fig. 13, note (f). 
It will be found that L is the point of contact between the tangent 
AC and the auxiliary circle, and hence FL is perpendicular to the 
bottom side. By reference back to Fig. 13, it will be seen that FL 
bisects angle ULC, and if UL coincides with AL, angle ULC will 
be 180° and hence angle FLA is 90°. This is expressed in note (u). 


A special case is given in Fig. 18 in which the relative sides of 
the pipe are determined by the conditions. The top sides of the 
two pipes meet in M. The lower side of the small pipe meets the 
lower side of the large pipe at C, the other end of the normal section 
MC (or BC). The common section between the cone and the 
smaller pipe is ML where FL is perpendicular to the lower side of 
the small pipe. The vertex A of the cone lies also on the lower 
side. 

While the example in Fig. 17 calls for a normal section of the 
large pipe from which to commence, the construction given in 
Fig. 19 shows a more satisfactory solution, in so far as it is much 
neater. The two pipe axes intersect at I. The cone is presumed 
to be formed by the top side of the large pipe and the bottom side 
of the small pipe. The vertex is thus A. Circles at F and f are 
described so as to touch the sides of the cone and cylinder or cylinder 
produced as at M and /. These auxiliary circles also touch the 
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other sides of the cylinders at 7 and L (see example, Fig. 18) whence 
the two common ellipse sections ML and wi/ are obtained. This 
case is of great importance in practical design. 


* * * %* 


The next problem indicates a small pipe cutting across the end 
of a large pipe. Fig. 20 is easily understood from what has already 
been discussed. It will be observed that it is simply a development 
of Fig. 11, in which this joint is repeated from the other side, but 
since in both sections the part of the cone above Y has been cut 
away, this part is displaced by the uncut part of the small pipe. 
Hence if the pipe is notched out, with the angle at Y, see Fig. 13, 
note (w), and the cone cut away at a similar angle at the proper 
place, the cone will “plug into-’ the pipe to form a perfect weldable 
joint. (Note.—lIf the cone is cut first, the small pipe can be marked 


vA 
we 
LAE 
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Fig. 20. 
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off to place before being notched). The construction that gives 
point Y should be carefully noted. 

If the part of the cone above Y is retained and the part below 
discarded, and the combination so formed turned upside down, a 
conical pocket in a straight pipe is the result. This device makes 
a good station for a drain, the vertex of the cone being cut off and 
a boss for the drain fitting welded on. 


Very often it is necessary to lead a small pipe from a large one, 
and the most common practice is to cut a round hole in the main 
and weld on a short piece of small pipe. There is some loss of 
pressure in joints of this type, although there may be compensating 
factors, and sometimes the joint piece is angled to facilitate the 
entrance of the water or the steam as an effort to reduce this loss. 
But it is possible to go a little bit further and guide the flow into the 
branch piece by means of a cone piece. Fig. 21 shows such a joint. 


Fig. 21. 
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Fig. 22. 
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The construction can be followed by studying the reference 
letters and comparing them with the corresponding letters given 
on Fig. 13. Section LM shows one section which gives the ellipse 
that satisfies both the cone and the cylinder. Section L,M, gives 
the other section for the cone and the cylinder. These sections 
intersect in Y and LY and L,Y give the parts of ellipses which meet 
in the line that passes through Y normal to the plane of the paper. 
The diameter of the auxiliary circle is equal to that of the cylinder, 
and its centre is F where the centre line of the branch pipe cuts the 
main pipe. BC being a normal section of the cone, will give a 
true circle of a diameter equal to that of the small pipe. This 
simple construction is of great service. If the large pipe is cut 
with a saw along the straight line LY and then along L,Y to form 
the notch angle LYL, it will make a perfect fitting joint with the 
cone similarly shaped in profile. Cut the cone first for marking 
off purposes. 
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Fig. 24. 


Figs. 22, 23 and 24 are self-explanatory, following as they do 
the principles outlined in Figs. 7, 10 and 14. _ It should be noted 
that several of the joints are “submerged” by the others which keep 
to the surface, but a little discrimination will be an ample guide 
to know which lines will survive as joints. 


ok * * on 


_ Reference back to Fig. 21 gives a hint regarding Fig. 25. In 
this illustration, section ml gives an ellipse common to the cone 
and the small pipe. A scoop has been added inside the main pipe 
in this example. It is here shown in its simplest’ form as L62, but 
it may be made to suit the designer’s fancy. The cone is cut with 
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a saw to give a shape 62YL,, while the large pipe is cut with notch 
LYL,. (Allowance for thickness of metal is not considered here, 
but the metal section can be trimmed to suit). When the cone is 
put in position in the main pipe, part L62 will project inside and 
so form the scoop. In arranging the scoop care must be taken to 
ensure that it will go into the opening in the main pipe. It will 
be seen that at point 2 the width across the opening will be the 
distance from 3 to 4, the auxiliary circle being the end view of the 
large pipe. 26 must be equal to or less than half 5 6, for, if more, 
the minor axis of the ellipse, of which 5 6 is the major axis, will not 


pass 34, The lower part 6 of the scoop may be cut off to give any 
area past it to suit conditions. P 


Fig. 25. 


In Fig. 26 will be found a very practical solution to the Y piece. 
It should be compared with Fig. 22. The former makes the two 
small pipes from cones which join direct to the large pipe, the 
latter from cylinders which join an accommodation cone set in to 
join the large pipe. To give a closer comparison, imagine in Fig. 
22 that point M coincides with B and the corresponding point on 
the other side coincides with C ; only a small part of the cone about 
base BC will be left. This result can be found by the correct choice 
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of the centre F, the angle of the cone being made by tangents to 
the auxiliary circle in the usual way. 

In Fig. 27 another application of the cone connection between 
a branch pipe and the main pipe is shown. The principal point in 
this example is that the small cylindrical piece carrying the flange 
can be arranged in any plane provided it envelops the auxiliary 
sphere (circle). 

This illustration, Fig. 27, covers also the special purpose of 
showing that the projections are not all so simple as the straight- 
forward projections expressed in the preceding examples. In 
many cases, in practice, the projections do not show the “saw-cut 
as straight lines owing to the angles of projection. To get the 
simple construction it is necessary to resolve the centre line of the 
cone connection on to the plane of the paper, and the “‘saw-cuts 
being thus obtained all the points required for the projection can 
be marked off. Incidentally, in cases giving “saw-cut”’ notches 
where the view of the joint is not normal to the plane containing 
the cone and the main pipe, it may be remarked that the notch is 
made up of the intersection of two ellipses and will be viewed as 
two partial ellipses meeting in two points. This is shown by the 
dotted lines in the example. 

It is a very simple matter for the cone branch to be set in its 
correct position on the main pipe. After the cone branch has been 
shaped by means of the two saw cuts to form a wedge it will fit the 
main pipe at the designed inclination of the axes in the plane com- 
mon to both branch and main. It is also the case that the branch 
can be moved round the circumference of the main and still maintain 
the designed angle, the horns of the wedge being “‘astraddle’” the 
main. Hence when the cone is adjusted in this manner on the 
uncut main, it is a simple matter to scribe the position on the main, 
which can then be saw-cut to take the cone branch for welding. 


* * * %* 


So far only joints between cylinders and cylinders and cones 
and cylinders have been considered, and the matter of cones joining 
cones has not been mentioned. 


It is unnecessary to illustrate one cone joining another cone 
where the finish of one frustum is the beginning of the next, each 
such joint being normal to the axes and consequently being a true 
circle. With reference to the simple case of the continuity of 
built-up frustums, it will be evident that such parts judiciously 
chosen can be arranged to give a close approximation of a sphere. 
Also, it is perfectly clear that if two equal cones are cut across In a 
similar manner by a plane the resulting ellipses are bound to coincide 
and a good joint can thus be made. Examples of this have already 
appeared in a number of illustrations. 
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It goes without saying that if a cone is cut across by a plane, 
each of the severed parts will contain the same ellipse, and as the 
ellipse is a symmetrical figure about its minor axis, a point already 
referred to, the severed parts of the cone can be assembled again 
with one of each pair reversed. 


A very practical illustration of this principle is shown in Figs. 28 
and 29. It is desired to construct a tapering bend from a diameter 
D, to a diameter Dy. The length of the bend (in this case a right 
angle bend) is laid out in a straight line as in Fig. 28. The frustum 
of the cone ab/k so formed is cut up as indicated, the sections 
in other cases being adopted to suit the particular fancy, Each 
section, with the exception of ab and k /, which are normal to the 
axis, will give an ellipse. As above mentioned, the ellipse cd of 
one segment will register correctly with the ellipse dc of the adjacent 
segment ; the other sections can be treated likewise. But as has 
already been shown—Fig. 13, note (g)—the minor axis of ellipse c d 
being at the mid point of the major axis, c d does not fall on n where 
the section cuts the axis of the cone. Hence the two points 2 do 
not coincide when the parts are relatively reversed ; n is not at the 
middle of cd. And so, in this specific instance, the centres of the 
major axes will continue to fall further and further inside the desired 
arc of the bend, until the last section arrives short of the desired 
position. And thus the device, successful so far, fails inasmuch 
as it is not positive in its results, 

From a practical point of view, 
be put to good account. If, instead of the cylindrical part of the 
pipe (Fig. 29), section a b ending at the commencement of the bend, 
it is continued beyond it so that point m is outside the curve of 
the bend, then, provided the proper allowance has been made, the 
last point s should register with the correct position at the small 
end. To make the desired result more easy to attain, it is recom- 
mended that the bend should be built up from both ends by pricking 
out the sections from a cone drawn on tracing paper as Fig. 28, or 
by cutting out and arranging the different segments with alternate 
reversals until the best solution is secured. This may not be 
possible until after several trials, for it must be remembered that 
the least deviation from the previous attempt may give an un- 
expected error in the other direction. The bend being constructed 
by this method, it is a simple matter to reverse the operation to 
find the positions of the sections on the straight taper pipe, and in 
this way the dimensions of the segments can be very simply given. 
The dimensions may, of course, be given for each segment separately, 


however, the construction can 


The preceding construction is essentially the practical man’s 
device. It now remains to find some construction whereby several 
cones can be found so that their sections shall all be the same ellipse. 
When these frustums are found it should be a comparatively simple 
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matter to build up a curved or sinuous tapering pipe to suit given 
requirements. 


The foregoing suggestions are of good practical value, but it 
is not enough to be able to cut out pieces of paper and arrange 
and rearrange them to get the desired result. Something more 
definite must be available, and to make this possible several 
theoretical problems will now be set out. There is a wide range 
of applications of these problems and it is therefore impossible 
within the scope of this booklet to do more than give the facts 


simply and clearly so that they can be fittingly applied when the 
occasion arises. 


Xk * * * 


Propiem I.—Given a cone of definite angle at the vertex and 
the minor axis of the ellipse formed by section, any length of major 
axis 18 possible (see also Problem III). 


_ In Fig. 30, BAC is the given cone. The auxiliary circle, whose 
diameter represents the minor axis, is shown touching the arms of 
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the cone angle internally. ED and BC are any pair of parallel lines 
tangent to the auxiliary circle and they cut the cone at E, D, B and 
C. Hence, from what has already been explained—Fig. 13, notes 
(e), (f) and (m)—BD and EC are alternative sections to fulfil the 
requirements. But ED and BC are any two parallels, therefore 
there is no limit to the number of major axes. 


If the two parallel lines (as FG and KL) cut the cone angle in 
only one place each, then for such a condition only one section is 
possible. 


The position of the intersecting cylinder where one side coincides 
with side AC of the cone, MN being parallel to AC, has only one 
practical solution, namely, the line joining the point of intersection 
of AB and MN and the point of contact P of tangent AC to the 
auxiliary circle (Fig. 13, Notes (#) and (z) ). 


As the major axis decreases from this section, the limit is reached 
when it is equal to the minor axis, i.c., when the parallel tangents 
to the auxiliary circle are parallel to the axis of the cone, and as it 
increases above this section the limit is infinity, 7.e., when MN 
produced cuts AC produced in infinity, and the other tangent 
parallel to MN cuts AB just below vertex A. 


Prosi_em II.—Given an ellipse of definite major and minor 
axes, anv cone angle will be possible. 


In Fig. 31, AB is the major axis and the minor axis is also given 
(represented subsequently by the auxiliary circle). 


With B as centre mark off arc of radius equal to the minor axis, 
Draw a line AC from A tangent to this arc and draw DBE (a straight 
line through B and parallel to AC. Draw the auxiliary circle of 
diameter equal to the minor axis such that it touches the parallel 
lines) AC and DB and also cuts the line AB. There is a wide latitude 
of positions, the limits being where AB is tangent to the auxiliary 
circle. If now tangents from B and A are drawn to the auxiliary 
circle they will meet in F, which is the cone angle that suits the 
chosen position of the auxiliary circle 


Again, the position of the auxiliary circle is chosen arbitrarily, 
hence there are other solutions. 


There are limits to these results. If the auxiliary circle is 
described with its centre at the mid point of AB, the tangents to it 
from A and B will be parallel, hence, the limit of the cone angle in 
this direction is zero. And, as may be expected, the cone angles 
obtained on one side of this ‘‘cylinder’’ position of the auxiliary 
circle will be similar to those on the other side, but the angles of the 
cone will point in reverse directions. The results need, therefore, 
be obtained from the positions of the auxiliary circle centre on one 
side of the sections only. 
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If the auxiliary circle is drawn tangent to AB, the angle AFB 
(this case is not illustrated) becomes so great as to become in this 
limit a straight line or 180°. 


There is thus an infinite number of angles of cone possible when 
a cone is required to join a given cone at a given ellipse section. 

The above construction may be freely employed when a trial 
and error method is followed to obtain the cone angle most suitable 
for the design. The auxiliary circle on such occasions is moved 
about until the desired result is reached. But although this method 


reduces the amount of guesswork it is not altogether satisfactory. 
The next problem is more definite in application. 


F 


Cc 


Fig. 31. 


ProspLEM III.—Given the cone angle, the minor axis of the 
ellipse, and the intersection of the major axis with one side. Find 
the major axis. 

See Fig. 31. The cone angle AFB is given, also the length of 
the minor axis and the point B on one side (the intersection with 
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the major axis). Draw the auxiliary circle, inside the cone angle, 
of radius equal to half the minor axis. Strike an arc of radius BC 
equal to the length of the minor axis. Draw the common tangent 
CA to this arc and the auxiliary circle to cut FA in A. AB is the 
length and position of the major axis. 


PropLEM IV,.—Given the cone angle and the section which 
represents the major axis in length and inclination, find the minor 
axis. 

In Fig. 32, ABC is the cone and DE is the major axis in length 
and inclination. The minor axis passes through the mid point of 
the major axis. The mid-point is F. HK is a section normal to 
the axis of the cone and gives a circle shown in semi-circle as HLK. 
Mid point F is the end view of the minor axis which lies in the plane 
of section HK and which will consequently be equal in length to 
FL, seeing that semi-circle HLK is a normal view of section HK. 
With F as centre and FL as radius, describe the full line circle and 
then draw tangents to it from D and E. These tangents represent 


B 
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the intersecting cylinder, and the axis of this cylinder will pass 
through F. This centre line cuts the axis of the cone at M, which 
is the centre of the auxiliary circle shown dotted. The diameter 
of the auxiliary circle is the minor axis. See Fig. 13, notes (g), (), 
(R), (1) and (m2). 

PROBLEM V.—Given the major and the minor axes of the ellipse 
and the inclination of the ellipse surface to one of the sides (i.e, a 
“generator’’) of the cone, to find the cone angle. 

(The inclination referred to is the angle of the side in relation 
to the major axis in a plane at right angles to the plane of the section). 

In Fig. 33, AB is the major axis, the minor axis being represented 
by the diameter of the full-line circle. The side of the cone in 
relation to the major axis, representing the ellipse surface, is shown 
as AE. 

The full circle is drawn with centre C at the mid point of AB. 
Tangents are drawn from A and B to the full-line circle. These 
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lines represent the intersecting cylinder and CD is in the centre line 
of this cylinder. A circle (shown in broken line), equal in diameter 
to the full circle, is described with its centre on this centre line to 
touch the line AE. BE is a tangent to this circle and meets AE 
at E. AEB is the cone angle, in its position relative to the section 
(major axis) AB, while the circle with centre D (/.e., the intersection 
of the cone axis and the cylinder axis) is the auxiliary circle. 


The preceding problems give the methods whereby a tapering 
bend can be assembled without resort to trial and error, but a 
certain amount of judgment must be exercised to give the most 
satisfactory results. Any assembly of parts made on the above 
principles, however, will give correct joints, but experience counts 
a great deal in knowing exactly how to approach the problem in 
hand. 


Take Fig. 29 as a general example. Start off with segment 
abdc. The cone angle is known, so are the section cd and its 
jnclination in the cone. The minor axis has to be found and 
Problem IV is applied. The major and the minor axes of the 
ellipse now known the inclination of one of the sides df of the next 
cone is fixed upon. Apply now Problem V whereby the next 
cone joined up to the previous cone is found. The next section 
ef is arbitrary—to suit the judgment of the designer—and starting 
again with ef to find the next cone the process can be repeated 
indefinitely. Of course if the cone angle is the same for all seg- 
ments Problem IV can be applied throughout, and there are other 
possibilities. 


The construction just given for a conical bend is, as has been 
demonstrated, based on true geometrical principles, but the work 
is tedious. The results, however, seem to imply that a more 
direct construction is possible. Let it be suggested that several 
auxiliary circles of diminishing diameter are set out along the 
circumference of the curve and let the joints be made at the inter- 
penetration of the adjacent cones, but this cannot be accepted by 
the reader until he is satisfied that the method is based on an 
acceptable geometry. 


The following notes will dispel all doubts on the matter. The 
diagram, Fig. 13, is a special case. The general case is the inter- 
penetration of two cones about a common basic sphere, and the 
subsequent geometrical proof may be of interest, but it is necessary 
to state that its acceptance is based on the fact that in any quadri- 
lateral circumscribing a circle the intersection of the diagonals 
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coincides with the intersecting point of the diameters joining the 
opposite tangent points. The geometric truth follows on the 
Ceva and Menelaus theorems (see also Appendix 1 for another 
proof). The diagonals referred to are the two plane sections 
common to both cases. 


Let two cones DAF and FBE, Fig. 34, interpenetrate such that 
each exactly contains the basic sphere HKGL whose centre O is on 
the intersection of the axes of the two cones. The respective 
profiles of the cones cut each other at F, D, C and E. The figure 
FDCE is the quadrilateral circumscribing the circle referred to 
above, H, K, G and L being the tangent points and M the point 
common to the four intersecting lines. 


_It is evident that KL will be at right angles to the axis AO and 
will consequently intersect the cone DAF to form a cylinder section 
having KL as diameter. Similarly the section GH will give a 
circular section of cone FBE. Hence if the circular sections are 
projected as circles KPL and HNG on to the plane of the paper, 
and lines MP and MN drawn at right angles to KL and GH re- 
spectively, these lines will penetrate the respective conical surfaces. 
It remains to prove that these two lines are equal so that it may 
be known that at their distance above and below M the cone surfaces 
coincide. This equality can be proved, for, since KL and GM are 
straight lines, MP?=KM.ML (in circle KPL) = GM. MH (in 
circle HKL and circle HNG) = MN® (in circle HNG), whence 
MP = MN. 

But in any cone a section inclined to the axis and not parallel 
toa side (profile) cuts off an ellipse. Hence section DE cuts off 
an ellipse in cone DAF and another ellipse in cone FBE. Here, 
then, are two ellipses having the same major axis. But these two 
ellipses have a fixed common point in their respective circum- 
ferences above point M (MP=MN above) on their equal major 
axes. And if a figure is known to be an ellipse, and the major 
axis is known, and also a point in the circumference is known, then 
there is only one solution and the ellipse can be constructed. See 
Appendix 2. It is evident then that both cones have the same 
ellipse of section. That is to say the joints of the two conical 
surfaces will register exactly—even in reversal, a point worth 
remembering. 


Now on line DE describe a semi-circle DRE with centre at Q 
and draw MS perpendicular to DE and equal to MN and MP. 
Produce MS to cut the semi-circle at R. Join QR. Through S 
draw ST parallel to DE to cut QR at T. Then QT is the semz- 
minor axis of the common ellipse of section while DE is the major 
axis. See Appendix 2. It can be proved that the minor axis 
thus obtained is not equal to the diameter of the basis sphere (or 
auxiliary circle). It is not constant as in the special case of the 
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interpenetration of the cylinder and the cone. (A similar proof 
applies to section CF and the semi-minor axis in this instance is 
Q, T)). 


2 * * * 


Now that confidence in the construction of a conical bend by 
auxiliary circles has been established a practical application of the 
principle can be given. Fig. 35 is self-explanatory, but as a 
suggestion for regulating the sizes of the auxiliary circles the length 
of the arc is laid out in a straight line and the cone angle decided 
upon (not to scale—to economise page space). The linear spacings 
1-2, 2-3, etc., correspond to the angular spacings for the arc, and 
the individual auxiliary circles can be drawn. 

In Fig. 36 two conical branches come from a cylindrical pipe. 
The construction follows the usual course, but the joints become 
a little bit involved and should be studied carefully. For cone 
OC alone one section with the pipe is EF, while the other is GH. 
But with the intrusion of cone OD alone the sections with the pipe 
would be KL and MN. _ It will be found that the “horns’’ of the 


a G 


Fig. 36. 
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cones run together and join in the section QS since the auxiliary 
circle in the cylinder is common for both cones. (If the auxiliary 


circles did not have the same centre O the result would be different). 
The “‘cut-out”’ from the pipe would follow along lines ETPSK. 


* * * * 


The subject just outlined lends scope for much greater develop- 
ment, but if sufficient interest has been aroused to stimulate a 
wider use of these devices in the drawing office some success has 
been attained. The use of the cone in pipework is not by any 
means unknown ; in ventilation engineering its application is very 
common, but there are other applications-where pipe work is an 
incidental and consequently is often liable to be overlooked. It is 
for those who are not acquainted with the use of cones in this way 
that this information has been collected, evolved and presented. 


* * * * 


In order to round off the subject of pipe joints it may not be 
altogether out of place to illustrate briefly one or two constructions 
which may be of some value in plate work, or even pattern shop 
practice, not to mention approximate visualisations of machine 
parts in the drawing office. 

A “tee’’ joint is illustrated in Fig. 37. In the usual “tee” joint 
the branch pipe is stuck direct on to the main pipe. If the branch 


Fig. 37. 
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piece is smaller than the main pipe, devices illustrated in Figs. 21 
or 25, or variations of them, can be employed, but in the present 
instance the two pipes being the same diameter a special construction 
is possible. Here the cone gives place to the cylinder, or parts 
of the cylinder. The shoulders of the base piece are pipes cut 
lengthwise in two, and the filling-in pieces are flat triangular plates. 
This construction overcomes the congestion at the entrance to the 
branch piece and it is an improvement, when cost is not the main 
factor, on the conventional ‘‘tee’’ joint. 

When the main pipe is larger than the branch the half-cylinders 
can be replaced by half cones and thus another construction that 
might have been illustrated along with the others is put on record. 
It is worthy of notice. 

Fig. 38 is a slight variation of the previous “tee” joint. And if 
the main pipe comes to an end the branch could be made to the 
dotted lines. Or, again, if the sharp corner so formed is objected 
to, it could be cut off and a half pipe, shown in broken line, sub- 
stituted parallel to the inner piece but still giving a flat ‘‘cheek 
between to ensure that the normal section at the bend is greater 
than the bore of the pipe. 


44 GEOMETRY OF CONICAL PIPES, BENDS AND JOINTS 


Other designs will readily occur to the reader. 

Another type of construction is shown in the next three illustra- 
tions which indicate forms for the change of section from circular 
to square pipes and vice versa. These diagrams are in perspective 
and all the necessary constructional lines are indicated or suggested. 

In Fig? 39 a design is given in which a square presents a support 
to a cylindrical pipe. The corners of the square are removed and 
rounded to a radius equal to that of the top cylinder. In this way 
an oblique cylinder shown by the dotted lines is formed, one suitably 
selected quarter of it AOB—A,O,B, forming the corners. The 
filling-in pieces at the sides are flat. In the figure V,, V, and V, 
are the vertices of the lines of the pyramid, the sides, and the 
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cylinder, respectively. It is clear from this construction that 
there are no sharp corners anywhere on the sloping walls, and every 
horizontal section of the structure is definitely known, seeing that 
it has been made according to a known law. This last-mentioned 
feature is a very desirable one from the designer’s point of view— 
he knows where he is—and the workman in the shops is not left 
to his own devices to work the shapes together. This remark 
applies also to the next two designs. 

If it is preferred that the corners of the square base should be 
retained, then the oblique cone (inverted), Fig. 40, is used instead 
of the oblique cylinder. In this case V,, V, and V, represent the 
convergence of the boundaries of the vertical sections of the pyramid, 
the sides and the inverted cones. i 

When a circular bore pipe has to be changed to a square pipe, 
it ig a common practice to form the piece as if it were a cylinder 
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Fig. 40. 
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sliced by four planes which start from the sides of the square and 
touch the circle at the bottom. A cone can be used if the cylinder 
is not suitable, but the cylinder is chosen to simplify explanation. 
In either case this is quite effective, but the general appearance 
can be distinctly improved upon, for the sides are marred by the 
resulting sharp corners. 

The improvement is indicated by Fig. 41. Here no sharp 
corners appear at the sides. The cross-section changes gradually 
from the circular base to the square top, as may be observed from 
the arbitrarily taken horizontal section indicated by the heavy line. 
This varying section is attained by the use of the requisite parts of 
the oblique cones all based on the ground circle, and triangular 
plane pieces filling in the spaces. This case, Fig. 41, does not differ 
fundamentally from that shown in Fig. 40 The construction holds 
good whatever may be the relative sizes between the circle and the 
square, nor must it be a square only, for any plane rectilineal figure 
can also be treated in this way with slight modifications to suit 
conditions. 

Fig. 42 should be viewed in conjunction with Fig. 25. It shows 
how the principles set out above can be effectively utilised in the 
construction of wooden patterns with the use of a little imagination. 
In a similar way the other examples given for welded plate work 
can be readily adapted to suit the particular articles under con- 
struction. 
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Appendix I. 


Any quadrilateral ABCD circumscribes the circle HEFG, which 
letters are the tangent points. Prove that the lines AC, BD, EG 
and HF all pass through one point. 


Let a circle be inscribed in a square lettered as given. Fig. 43. 
It is known to all that the diagonals and the diameters in this 
figure cross at a point, the centre of the circle. As no dimensions 
are involved a piece of commonsense from projective geometry can 
be invoked. If the square-cum-circle diagram is laid on the table 
and viewed obliquely from any position, the first picture (see figure) 
will be a perspective view with the opposite sides produced meeting 
on the horizon and surrounding an ellipse. Let this picture be 
drawn, and, in turn, place 7 on the table and make a perspective 
view of it but in such a way that the ellipse will appear as a circle. 
The second picture will appear as shown, all the lines under ex- 
amination still crossing at the same point (they can’t do otherwise). 
But the quadrilateral is no longer square, and it circumscribes a 
circle. 
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Appendix li. 


Let DE be the major axis of an ellipse and S a point on the 
circumference (see Fig. 44). . The problem is to find the minor 
axis and draw the ellipse. 

On DE as diameter describe a semi-circle, the centre being Q. 
From S draw SM perpendicular to DE, and produce MS to cut 
the semi-circle in R. Through S draw ST parallel to DE. Join 
Q to R cutting ST at T. With centre Q and radius QT describe 
a semi-circle. From the resulting figure the familiar method of 
constructing an ellipse will be recognized, and by the selection of 
various positions of R on the major semi-circle various points S. 
can be found, thereby plotting out the circumference of the ellipse. 
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} Connected. 


73. Viscosity Temperature Chart for Converting Commercial 
\ Connected. 


90, Vibration Transmissibility Curved or Elastic Suspension. 
91, Instructions and Examples in the Use of Data Sheets, 
Nos. 89 and 90. 

Pressure on Sides of Bunker. 

93-4-5-6-7, Rolled Steel Sections. 

98-9-100. Boiler Safety Valves. 

102. Pressure Required for Blanking and Piercing. 

103, Punch and Die Clearances for Blanking and Piercing. 

104. Nomograph for Valley Angles of Hoppers and Chutes. ‘ 

105. Permissible Working Stresses in Mild Steel Struts with B.S. 449, 1948. 

106. Compound Cylinder (Similar Material) Radial Pressure of Common 
Diameter (D1). 

107. True Angles for Pipe Bends. 

108. Development of Spiral Chutes. 

109. Vertical Pitch of Panels in a Frame with Bracing at a Constant Slope. 

110. Permissible Stresses in Cranes—B.S. 2573. Table 1—Values of A & B 
Tons/Sq. In. 

111. Permissible Stresses in Cranes—B.S. 2573. Table 2—Values of A & B 
Tons/Sq. in. 

112. Permissible Stresses in Cranes—B.S. 2573. Table 3—Compressive 
Stresses in Axially Loaded Struts. ~ 

113. Permissible Stresses in Cranes—B.S. 2573. Table 4—Power Driven 
Rivets and Fit Bolts. 

114. Permissible Stresses in Cranes—B.S. 2573. Table 5—Power Driven 
Rivets and Fit Bolts. 


(Data Sheets are 3d to Members, 6d to others, post free). 


Orders for Pamphlets and Data Sheets to be sent to the Editor, 
The Draughtsman, cheques and orders being crossed “A.E.S.D. 


ADVICE TO INTENDING AUTHORS OF A.E.S.D. 
PRINTED PAMPHLETS 


Pamphlets submitted to the National Technical Sub-Committee for 
consideration with a view to publication in this series should not exceed 
10,000 to 15,000 words and about 20 illustrations. The aim should be the 
presentation of the subject clearly and concisely, avoiding digressions and 
redundance. Manuscripts are to be written in the third person. Copies 
of an article entitled ‘‘Hints on the Writing of Technical Articles’’ can be 
obtained from the Editor of The Draughtsman. 


Drawings for illustrations should be done either on a good plain white 
paper or tracing cloth, deep black Indian ink being used. For ordinary 
purposes they should be made about one-and-a-half times the intended 
finished size, and it should be arranged that wherever possible these shall 
not be greater than a single full page of the pamphlet, as folded pages are 
objectionable, although, upon occasion, unavoidable. Where drawings are 
made larger, involving a greater reduction, the lines should be made slightly 
heavier and the printing rather larger than normal, as the greater reduction 
tends to make the lines appear faint and the printing excessively small in 
the reproduction. In the case of charts or curves set out on squared paper, 
either all the squares should be inked in, or the chart or curve should be 
retraced and the requisite squares inked in. Figures should be as self-evident 
as possible. Data should be presented in graphical form. Extensive tabular 
matter, if unavoidable, should be made into appendices. 


Authors of pamphlets are requested to adhere to the standard symbols 
of the British Standards Institution, where lists of such standard symbols 
have been issued, as in the case of the electrical and other industries, and 
also to the British Standard Engineering Symbols and Abbreviations, No. 1991, 
published by the B.S.1. at 6/-. Attention might also be given to mathematical 
notation, where alternative methods exist, to ensure the minimum trouble 
in setting up by the printer. 


The value of the pamphlet will be enhanced by stating where further 
information on the subject can be obtained. This should be given in the 
form of footnotes or a bibliography, including the name and initials of the 
author, title, publisher, and year of publication. When periodicals are 
referred to, volume and page also should be given. References should be 
checked carefully. 


Manuscripts, in the first instance should be submitted to the Editor, 
The Draughtsman, Onslow Hall, Little Green, Richmond, Surrey. 


For pamphlets, a grant of £30 will be made to the author, but special 
consideration will be given in the case of much larger pamphlets which may 
involve more than the usual amount of preparation. 


The Publishers accept no responsibility for the formulae oy opinions 
expressed in theiy Technical Publications. 
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